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Specification 

1 . Title of the invention 

Display device 

2. Claims 

A two-dimensional image display device comprising an illumination device, further comprising a first 
means that can vary the characteristics of an input image signal and a control means that controls said 
illumination device and said first means based on an output from said first means. 

3. Detailed explanation of the invention 
(Technical field) 

The present invention relates to a two-dimensional matrix liquid crystal display device, and more 
particularly to a display device that displays multi-value images. 

(Related art) 

A device has been suggested in the past that displays multi-value image information (e.g., television 
images) using a two-dimensional matrix liquid crystal display device. FIGs. 1 through 3 illustrate a device 
that displays television image signals. 

In Figure 1, numeral 1 indicates an input image signal; 2 is a DC reproduction circuit that reproduces the 
direct current component of the input image signal; 3 is a synchronization separating circuit that separates 
synchronization signals from the input image signal; 4 is an adder that adds the reference voltage Vth, 
which is related to the threshold voltage of a liquid crystal panel, to the image signal that has been 
reproduced as a direct current component; 5 is a liquid crystal driver that drives the two-dimensional 
matrix of the liquid crystal panel based on a time division method or the like; 6 is an liquid crystal display 
panel; and 7 is an illumination device. Note that in Figure 1 the display panel is viewed from above. 

Figure 2 shows the relationship among the intensity of the illumination light, the voltage-brightness 
characteristic of the liquid crystal panel, and Vth. 
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Figure 3 is a diagram that explains the liquid crystal panel 6 and the liquid crystal driver 5. Here, numeral 
8 is a vertical shift register, 9 is a horizontal analog shift register, 10 is a TFT transistor which is a FET 
switch formed on the liquid crystal panel 6, and 1 1 is a liquid crystal cell. 

Further details of said configuration are explained next. The input image signal 1 in Figure 1 is supplied to 
the DC reproduction circuit 2 and synchronization separating circuit 3, where the horizontal and vertical 
synchronization signals are first separated by the synchronization separating circuit 3. The separated 
horizontal synchronization signal is supplied to the DC reproduction circuit 2, where the blanking portion 
of the image signal is clamped. The clamped image signal is added to the adder 4, where the voltage Vth, 
which is related to the threshold voltage of the liquid crystal panel, is added. The voltage-brightness 
characteristic of the liquid crystal panel is as shown in Figure 2, where a is a case in which the 
illumination light is intense, and b is a case in which the illumination light is weak. The image signal is 
added so as to oscillate between Vth and Vmax. The image signal to which Vth has been added by the 
adder 4 is added to the liquid crystal driver 5. The horizontal and vertical synchronization signals 
separated by the synchronization separating circuit 3 are also being supplied to the liquid crystal driver 5, 
which drives the matrix electrodes on the liquid crystal panel 6 on a time division basis. The illumination 
device 7 is an incandescent light bulb, fluorescent light bulb, or the like, for example, and illuminates the 
liquid crystal panel 6 from its back side, allowing the transmitted light to be observed by the viewer. The 
liquid crystal panel 6 has the structure shown in Figure 3, for example. In the liquid crystal panel, vertical 
and horizontal lines respectively connected to the drain and gate electrodes of the FET described later are 
positioned in a two-dimensional matrix as shown in Figure 3. A FET switch 10 comprised of an 
amorphous Si TFT, or the like, is positioned at the intersection of said vertical and horizontal lines, and its 
gate, drain, and source are connected to the horizontal line, the vertical line, arid the liquid crystal cell 1 1 , 
respectively. The horizontal lines are connected to a vertical shift register and are sequentially turned ON, 
according to the interval of the horizontal synchronization signal of the image signal. FET switches 
connected to horizontal lines that are turned ON all go ON. Meanwhile, image signals are being supplied 
to the horizontal analog shift register, which has stored image signals for a single horizontal interval, and 
these stored image signals are supplied to the liquid crystal cell 11 via the FET switches that have been 
turned ON. The image signals that are supplied to the liquid crystal cell 1 1 are held by the electrostatic 
capacitance of the liquid crystal cells themselves, until the FET switches are turned ON the next time 
around. 

In a display device having the structure described above, the voltage-brightness characteristic of the liquid 
crystal panel normally has a narrow voltage range, in which intermediate gray scales can be displayed 
(Vmax-Vth, or the dynamic range), as shown in Figure 2. Furthermore, Vth fluctuates according to factors 
such as temperature, and various other factors cause said characteristic to fluctuate for each pixel, or for 
the entire display screen. Therefore, it is difficult to display a full range of gray scales. 

(Objective) 

In view of the aforementioned problems, the objective of the present invention is to eliminate said 
shortcoming and provide a display device that can improve image gray scales, as well as reduce the power 
consumption of the illumination device. 

(Embodiments) 

Embodiments of the present invention are explained in detail below, referencing drawings. 
Figure 4 shows an embodiment of the present invention. In this figure, numerals 1 through 7 are identical 
to those in Figure 1 and, thus, their explanations are omitted here. In Figure 4, numeral 12 is a variable 
gain amplifier that varies the amplitude of reproduced image signals; 13 is a peak detector that detects the 
amplitude of an image signal whose amplitude has been varied; and 14 is a lamp driver that controls the 
amount of light from the illumination device 7. 

In Figure 4, an image signal that has been reproduced as a DC signal is added to the variable gain 
amplifier 12, and its amplitude is varied. 

The image signal that has been varied is added to the peak detector 13, and the peak value of its amplitude 
is detected. The output of the peak detector is fed back as a gain control input to the variable gain 
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amplifier 12. This feedback loop is configured as a page feedback loop, and is designed to keep the 
amplitude of the image signal output from the variable gain amplifier 12 nearly constant. The peak 
detector 13 is configured such that it does not follow the detailed parts of the image (the high-frequency 
areas of the image signals) but rather detects peaks in the general area of the image. The output of the 
peak detector 13 is also added to the lamp driver 14, which controls the light volume of the illumination 
device. Although the voltage-brightness characteristic of a lamp is normally not linear, a voltage is applied 
that corrects this characteristic to be nearly linear. The light volume control is carried out in opposite 
polarities from the gain control of the variable gain amplitude; that is, when the gain is large, the light 
volume is reduced, and when the gain is small, the light volume is increased. Figure 5 shows how this is 
done. As is evident from this figure, when the image peak is small (Figure 5 D), the image signal to be 
input into the liquid crystal becomes large (Figure 5 E). However, because the illumination light becomes 
weaker (Figure 5 b), these effects cancel each other out on the observation surface of the liquid crystal, 
and as a result, the change in the image amplitude caused by a change in the image peak does not appear 
(Figure 5 F). 

However, when the peak is especially small, the dynamic range of the liquid crystal is effectively utilized, 
improving the gray scale performance. For example, a phenomenon in which gray scales are lost in darker 
image areas is significantly reduced. Additionally, whereas the illumination device normally accounts for 
a large portion of the power consumption of a liquid crystal display device, the method described in the 
present embodiment reduces the average illumination light volume compared to conventional methods, 
thereby significantly reducing power consumption. 

Conversely, when the image peak is large (Figure 5 A), the image signal to be input into the liquid crystal 
becomes small (Figure 5 B). However, if the system is configured to increase the illumination Iigfrt 
(Figure 5 a), a proper display [image] (Figure 5 c) similar to the case described above is obtained. Note 
that the same scale is used for signals in Figure 5 A and B, as in other parts of the figure. 
Although a black and white example was described in the aforementioned embodiment, it is also possible 
to configure a color display in which color filters are combined with a liquid crystal panel. In such a case, 
it is possible to obtain the peak from either a brightness signal synthesized from color signals such as 
RGB or the G signal, which accounts for the largest portion of a brightness signal. 

(Effects of the Invention) 

As explained above, the present invention provides the effects of improved image gray scales and reduces 
the power consumption of the illumination device. 

4. Brief Explanation of Drawings 

Figure 1 is a diagram illustrating the structure of a liquid crystal display device. 
Figure 2 is a diagram illustrating the voltage-brightness characteristic of a liquid crystal. 
Figure 3 is a diagram illustrating the structure of a liquid crystal panel. 

Figure 4 is a diagram illustrating the structure of a display device to which the present invention has been applied. 
Figure 5 is a diagram for explaining the operation of the present invention. 

1: Input image signal 
5: Liquid crystal driver 
6: Liquid crystal panel 
7: Illumination device 
12: Variable gain amplifier 
13: Peak detector 
14: Lamp driver 



1 ILC note- Source says "destination", but this is probably a typographical error, and should be "light". 
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Figure 1 

2: DC reproduction circuit 

3: Synchronization separating circuit 

5: Liquid crystal driver 

Figure 2 

Brightness Voltage 

Figure 3 
Reset 

Clock Vertical shift register (8) 

Image signal 

Clock Horizontal shift register (9) 

Figure 4 

2: DC reproduction circuit 

3: Synchronization separating circuit 

12: Variable gain amplifier 

13: Peak detector 

5: Liquid crystal driver 

14: Lamp driver 

Figure 5 

Brightness Voltage 
Image input signal 
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